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FOREWORD 
The special investigation on growth and development is a cooper-
ative enterprise in which the departments of Animal Husbandry, 
Dairy Husbandry, Agricultural Chemistry, and Poultry Husbandry 
have each contributed a substantial part. The parts for the investi-
gation in the beginning were inaugurated by a committee including 
A. C. Ragsdale, E. A. Trowbridge, H. L . Kempster, A. G. Hogan, 
and F . B. Mumford. Samuel Brody served as Chairman of this com-
mittee and has been chiefly responsible for the execution of the 
plans, interpretation of results and the preparation of the publi-
cations resulting from this enterprise. 
The investigation has been made possible through a grant by the 
Herman Frasch Foundation, now represented by Dr. F. J. Sievers. 
F. B. MUMFORD 
Director Agricultural Experiment Station 
ABSTRACT 
1. Data by two different methods are presented on: (1) the quanti-
tative time relations of milk production and food consumption of 
lactating rats; (2) heat production (metabolism) and growth rates 
of their litters; (3) comparisons of relative milk-energy production 
in rats and dairy cows with respect to: (a) body weight; (b) basal 
energy metabolism; (c) (weight)M3 ; (d) food (TDN) energy con-
sumption, which is the gross energetic efficiency of milk production. 
2. In comparison to their respective body weights, rats produce 
very much more milk energy than cows (the ratio milk-Cal. produc-
tion per day to body weight in Kg. is of the order of 200 in rats 
and 25 in superior dairy cows). But in comparison to basal metabo-
lism, or to the 0.73 power of weight, the production is, within the 
limits of variability of the data and errors of the assumptions, the 
(Th t . Milk Calories same in rats and cows. e ra io-----------
. Basal metabolism Calories 
. 60 12,000 
is of the order of 30= 2 for rats, and 6,000 = 2 for cows.) 
3. In addition to the inherent interest of the data, one inference 
from the analysis is of particular importance to agriculture, namely 
that milk-energy production tends to be directly proportional not to 
body weight, but any one of: (a) basal energy metabolism, (b) 
(weight ) 0· 73 , (c) food (TDN) consumption. In other words, gross 
energetic efficiency of milk prodiiction (that is ratio of milk energy 
produced to food (TDN) energy consumed) tends to be independent 
of bod;y weight. It tends to be the same (if other conditions are the 
same) not only in large and small animals of the same species but 
also in different species (dairy cows and rats). 
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I. INTRODUCTION 
1. Aims 
We have previously compared energeti·~ efficiencies of milk produc-
tion in small and large dairy cows, 1 egg production in small and 
large egg breeds of chickens, 2 and muscular work in small and large 
draft horses.3 The present purpose is to extend the above investiga-
tions on relative efficiencies of productive processes on small and large 
animals within a species to small and large animals of different 
species, namely milk production in a small-species, rat, and a large-
species, dairy co,v. Is the rat, representative of high-milk-producing 
small species, a more or less energetically efficient milk producer than 
the dairy cow, representative of high-milk-producing large species~ 
2. Definitions 
The energetic efficiency of a process is the ratio of its energy 
output to energy input. In the case of milk production, the output 
under investigation is milk energy, and the input is, for our compara-
tive purposes, taken to be digestible food energy (total digestible 
nutrients abbreviated to TDN). The above definition of energetic 
efficiency may be written in equation form thus: 
Gross Efficiency Milk Calories Produced 
of Milk Production .B'ood (TDN) Calories Consumed (1) 
The feed-~nergy consumed is used for many purposes in the animal 
economy other than milk production. We need not enter into the 
details of the feed uses because they were previously," 2 discussed. 
This paper is confined to the solution of general equation (1) for 
rats after it has been transformed to two specific equations (see 
equations 2A and 2B below) , and comparing the results with those 
previously reported for cows.1 
'Mo. Agr. Exp. Sta. Res. Buis. 222 and 238, 1936. 
2Id. Res. Bui. 275, 1938. 
'Id. Res. Bui. 209, 1934. 
. .. 
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3. Methods 
In cattle, milk-energy production can be computed with considerable 
precision, with the aid of Gaines4 formula, from milk yield and fat 
percentage in the milk. 
In rats, on the contrary, it is difficult to estimate milk-energy 
production, first because it is very difficult to milk a rat completely, 
and second because the quantitative chemical composition of rat milk 
is not definitely known. 
The following three methods suggest themselves for securing rat 
milk. 
A. The milking-machine method: That the milking-machine 
method does not secure any considera.ble amount of milk from the 
rat, and that therefore the analyses of such milk do not represent 
average rat-milk composition is in part indicated by the following 
citations from Cox and Mueller. 5 "We have not been successful in 
obtaining milk night and morning, every day. One milking on two 
alternate mornings at the height of lactation is about all that can be 
expected." "From about 10% of the stock rats no milk at all was 
obtained. '' 
Lactation 
day · 
7- 9 
12-14 
16-18 
24 
MILK PRODUCTION IN THE RAT 
Average Milk 
per rat, e. c. 
0.5 
0.8 
1.6 
0.7 
(Cox AND MUELLER) 
Maximum milk 
per rat c .c. 
3.0 
5.0 
8.0 
5.0 
Our data show that rats can produce at least 50 c.c. milk per 24-
hour day, that is 6 to 7 times the maximum indicated above. 
The machine method of milking rats is obviously unreliable. It is 
possible, as suggested by Dr. C. W. Turner, that the machine method 
combined with administration of pituitrin would result in complete 
milking of the rat. This remains to be sho·wn. 
B. Milk-energy production from weight gains of litter during 
suckling: The milk produced in the rat may be estimated from 
the weight gains of the litter during timed suckling intervals, cor-
rected of course for weight losses due to urination, defecation, and 
insensible perspiration during the timed sucklings. The milk energy 
secured by the litter may then be computed from the amounts and 
average composition of rat milk. This is one of the two methods we 
used for estimating milk-energy production and therefrom gross 
energetic efficiency of production as indicated by the following 
equation. 
'Cf. W. L. Gaines, Ill. Ag. E . S. Bui. 308, 1928. 
'Cox, W. M., and Mueller, A. J., The composition of milk from stock rats and an appara-
tus for milking small laboratory animals. J. Nut. 13, 249, 1937. 
Gross Energetic 
.btiiciency of 
Milk Production 
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Gain in litter weight (grams) 
during suckling plus loss in 
litter weight due to insensible x 
perspiration, urination, de-
fecation 
Calories in food ( TDN) 
consumed by mother 
Calories 
per gram 
rat milk 
7 
(2A) 
Half of our work consisted in ·Collecting data for solving equation 
(2A) above. We shall not attempt in this report to compute the net 
efficiency of milk production, that is, the efficiency after deducting 
the maintenance cost of the mother from the TDN energy of the 
food she consumed. 
It is necessary to point out that there seem to be objections against 
this method of estimating milk production in the rat as inferred 
from the variability not only of our data (see Table 1 and 3) but also 
of the following selected data on milk production in mice taken from 
the painstaking measurements by Enzmann.0 
MILK PRODUCTION IN MICE AS MEASURED BY WEIGHT INCREASE OF LITTER 
DURING SUCKLING, CORRECTED FOR LOSSES IN FECES, URINE, 
AND INSENSIBLE PERSPIRATION (ENZMANN) 
Losses gms./day 
Milk Production, gms./day Feces, Urine. Insensible Perspiration 
Age of 6 8 10 13to11 4 6 8 10 13 to 11 
litter, in in in in in in in in in in 
days litter litter litter litter litter litter Jitter Jitter litter litter 
1 .62 2.1 1.3 4.4 0.05} .16 .42 .58 1.5 .74 2 1.36 2.3 2.2 7.6 0.19 13 .48 .64 .78 1.0 .72 
3 1.86 2.4 3.1 5.2 5.5 1.3 .58 1.5 .98 1.2 
4 1.6 3.6 3.0 3.7 
7.0} .70 .48 1.8 .78 1.6 5 2.1 3.9 3.7 3.2 6.8 12 .68 .46 1.7 .93 1.3 
6 2.0 4.3 3.6 4.8 4.3 .94 1.0 1.5 .99 1.3 
7 2.8 5.2 3.6 4 .5 4.7 .84 .80 1.5 1.3 3.7 
8 2.8 4.3 3.9 3.1 
''} 1.2 1.1 1.6 .99 .82 9 2.5 4.6 4.2 4.4 7.4 1.5 1.1 1.7 1.3 .78 10 3.0 4.1 3.8 5.1 7.9 1.9 .74 2 .0 1.4 1.2 11 3.2 3.4 3.9 5.6 6.2 11 1.2 1.2 2.3 2.2 1.0 12 3.1 3.4 3.6 4.2 5.0 .22 2.0 2.6 2.3 1.6 
13 2.9 3.7 3.9 7.0 3.6 .72 2.2 'Z.6 4.1 1.5 
14 3.1 3.5 3.7 4.9 2.8 .94 2.8 3.3 2.9 1.1 
The variations in both gains and losses parts of the ledger are too 
great to give confidence in the precision of this method, and for this 
reason we decided to supplement this method for estimating milk 
production with another explained in the following section. 
Incidentally, the computed milk production by these mice (body 
weight about 25 grams) cited from Enzmann is in some cases greater 
than in the rats (body weight about 250 gTams) cited from Cox and 
Mueller. This definitely demonstrates that the milking-machine method 
is useless for quantitative purposes. But the milk-production of rats 
as measured by us (Tables A and B) is from 7 to 8 times as great 
as the maximum milk production of Enzmann"s mice. 
'Enzmann. E. V., The milk production curve of albino mice. Ant. Rec. 56, 345, 1933. 
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C. Milk-energy production from the sum of stored and mainte-
nance energy in litter: The milk energy produced by the mother 
is used for: (a) maintaining her litter, and (b) storing energy in 
the litter in the form of weight gain of growth. If the energy ex-
pended for growth (i. e., for transforming rat-milk energy into. body-
weight energy of the young· rat) is within the limits of error of this 
work and if we determine the sum of the maintenance cost and stored 
energies we shall be able to estimate the milk energy produced by the 
mother rat from the following equation: 
Gross efficiency 
of milk production 
Maintenance energy of litter + 
energy stored in litter 
Energy in food (TDN) consumed 
by mother 
(2B) 
The second half of our work consisted in collecting data for solving 
equation (2B) above. 
The energy cost of maintenance of the litter was estimated from 
its respiratory metabolism (see Fig. 2, Mo. Res. Bul. 274 for ap-
paratus) . The energy stored in the litter was estimated by multiply-
ing the weight gains in grams by 1.5, on the assumption that 1 gram 
in body weight gain is equivalent to 1.5 Calories. 
The assumption that 1 gram of body gain of suckling rats is 
equivalent to 1.5 Calories is based first, on Hatai 's7 data on water 
content in the suckling rat, and on our assumption (see Mo. Res. Bul. 
2461) that a gain of 1 gram in dry body substance is equivalent to 
5.2 Calo.ries. Hatai 's data and our caloric equivalents may be 
tabulated as follows: 
Age Wet Dry Cal. in body Cal./ gm. 
days Weight Weight (Assume 1 gm. 
dry wt.= 5.2 
gms. gms. Cal.) 
Birth 4.3 0.6 3.1 0.73 
7 10.2 2.1 10.9 1.7 
15 13.5 3.7 19.2 1.4 
22 24.9 7.3 38 1.5 
28 47.3 14.4 75 1.6 
From the above table it seems that following birth, the energy 
value per gram of whole body is not far from 1.5 Cal., and this is 
the energy equivalent of weight gains that we shall use. 
D. Composition and energy value of rat milk: Data on com-
position of rat milk were published :first by Mayer, 8 based on analysis 
of stomach conte11t of suckling rats, and second by Cox and Mueller5 
based on analyses of milk secured from the lactating rats by the milk-
ing-machine method. 
7Hatai in Chapter 8, Donaldson, H. H., The rat, data and reference tables. Wistar Insti-
tute, Philadelphia, 1924. 
8Mayer, D. T., Rat's milk and stomach content of suckling rats. J. Nut. 10, .343, 1935. 
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Neither method of securing milk for chemical analysis is satis-
factory. The objection against Maye,r's stomach-ce>ntent method 
is evident as regards the moisture content and the soluble and dif-
fusible constituents. The objection against Cox and Mueller's method 
is that, as is generally known to dairymen, the fat percentage in cow's 
milk varies greatly with the completeness of milking. Since the milk-
ing-machine method used by Cox and Mueller does not secure all 
the milk, it is probable that the fat percentages observed by this 
method are not representative of the entire milk produced. 
The data by Mayer and by Cox and Mueller are summarized below : 
COMPOSITION OF RAT MILK BY LACTATION DAY (Cox AND MUELLER) 
Lactation day 8 13 18 24 Average 
Fat % 14.0 16.1 12.1 16.9 14.8 
Protein (N x 6.38 )% 11.8 11.7 11.7 (11.8 ) 11.8 
Carbohydrate % 2.4 3.1 3.4 2.5 2.8 
Solids % 30 32 29 33 31 
AVERAGE COMPOSITION OF RAT MILK (Cox AND MUELLER; MAYER) 
Fat 
Protein 
Carbohydrate 
Solids 
Casein 
L<!ct.albumin 
Cox and Mueller (milking-machine milk) Ma'Yer (stomach contents) 
Constituent Calories % Wet Dry Calories % 
% distribution basis basis distribution 
14.8 
11.8 
2.8 
31 
9.2 
0.9 
70 
25 
6 
% % 
12.4 56 
6.9 30 
3.4 15 
22 
74 
18 
8 
The milk energy estimate from weight gains of litter during short 
su-ckling periods necessitates, strictly speaking, a knowledge of the 
composition of the ingested milk at each suckling. Since such a pro-
cedure is not practicable it is necessary to assume an average milk 
composition. We assumed that rat milk contains 16% fat, 12% 
protein, 3% carbohydrate; and that the fuel value per gram of 
carbohydrate is 4 Cal. , fat 9.5 Cal., protein 5.6 Cal. From this we 
assumed that one gram of rat milk has a fuel value of 2.3 Calories 
(= 9.5 x .16 + 5.6 x .12 + .03 x 4). 
E. Summary: We employed two methods for evaluating the 
milk energy production in rats. One method is based on the weight 
gain of litter during timed suckling intervals, combined with an as-
sumed fuel value of 2.3 Calories per gram of rat milk. This fuel value 
of whole rat milk assumes the following rat-milk composition: fat, 
16 % ; protein, 12 % ; carbohydrate, 3 % ; and on the following fuel 
values: fat, 9.5 Cal./ gm.; protein 5.6 Cal./ gm. ;' carbohydrate 4 
Cal./ gm.) . The other method is based on estimates of energy stored 
in the rat body during growth, assuming that 1 gram weight gain 
has a fuel value of 1.5 Calories an(i energy expended for maintenance, 
the sum of which is assumed to equal the milk energy produced. The 
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energetic efficiency of milk secretion was then computed from the 
ratios of milk energy produced to TDN (total digestible nutrients) 
consumed by the mother rats. 
II. MILK PRODUCTION AND ENERGETIC EFFICIENCY OF 
MILK PRODUCTION IN THE RAT 
As indicated by equations 2A and 2B milk and milk-energy produc-
tion were estimated by two methods based on the following assump-
tions: 1 gm. rat milk has a fuel value of 2.3 Cal.; 1 gm. body-weight 
gain has a fuel value of 1.5 Cal.; the sum of the energy in the body-
weight gains (i. e., body-weight gains in grams x 1.5) and the heat 
produced by the litter is equal to the fuel value in the milk produced 
by the mother; litter-weight gains during suckling plus correctio.ru; 
for litter-weight losses due to excreta represent milk ingested by rats. 
One of the methods (see equation 2A) employed for estimating milk 
production may be summarized by the equation 
. Gain in litter weight during timed 
P lVhlk. = suckling periods corrected for losses (A) roduction in excreta during corresponding periods 
The milk energy (Cal.) production is simply milk weight in grams 
thus computed times 2.3. 
The other method (see equation 2B) employed for estimating milk 
production may be summarized by the equation 
Milk Maintenance energy of litter (evaluated 
Energy = from respiratory exchange) plus energy (B) 
Production stored in litter (assuming that 1 gm. body 
weight gain has a fuel value of 1.5 Cal.) 
The milk weight (gm) production is simply milk energy (Cal.) 
thus computed divided by 2.3. 
The numerical results derived by equations (A) and (B) above are 
summarized respectively in Tables A and B, and in Figs. A and B. 
The rats and litters investigated by methods summarized by equations 
(A) and (B) will be referred to respectively as rats A and B or litters 
A and B. 
While the present report is confined to discussion of the amount and 
energeti~ efficiency of milk production, Tables A and B, and Figs. 
A and B, contain other interesting data, including growth rate of 
litters of various sizes ; dry feed consumption of the mother rats; milk 
consumption by the mother rat (in some cases over 100 c.c. milk a 
day!); heat production of litter, and related data. 
There is an important difference in results on milk production and 
efficiency levels obtained by methods A and B. This difference is due 
to: (1) our assuming a uniform fuel value (2.3 Oal./ gm) for rat 
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LACTATION 
Fig. A.-Plotted from data in Table A secured on animals A by method A. Milk pro-
duction per day (upper left), total or cumulative milk production from the' beginning of 
lactation (lower le'ft), food (TDN) consumption (upper right), gross energetic efficiency of 
milk production (middle left), and litter weights (lower right). The middle right repre-
sents heat production (metabolism) of some of the litters in Table A , the milk production 
and efficiency of which was evaluated not only by method A but also by method B. Note 
that the rats produced from 15 to 115 Cal. (av. 60 Cal.) of milk per day, and from 700 
to 1400 Cal. during the 21· days (as contrasted to 18 days in Fig. B). The numerals in 
parentheses (lower right) represent number of rats in litter. 
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Fig. B.-Same type of data as in F ig. A, but secured on animals B by method B. 
Note that the rats produced from 20 to 100 Calories (av. 60 Cal.l milk per day, and 
from 600 to 1100 Calorie's during the fiTst 18 days of lactation ; that the mothers con-
sumed from 70 to 220 Calories of digestible Calories per day, depending on their 
milk production. The numerals in parenthesis represent number of rats in litter. 
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Fig. C.-A comparison of milk production (lower half) and gross energetic efficiency 
of milk production (upper half) as computed by methods A and B on the same A 
animals. Note that method A yields lower values than method B on animals A in 
the early stages of lactation, and higher values in the late stages. 'l:his discre'pancy 
is due to: (1) increasing fuel value of the weight gains of the litter with increas-
ing age', while in computing results it was assumed that the fuel value per gram 
gain is constant; ( 2 ) decreasing fuel value per gram milk with increasing milk 
production, while in computing results it was assumed that the fuel value per gram 
milk is constant. 
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milk regardless of the stage of lactation or of the amount of milk 
produced, whereas dairymen know that the fat percentage, and there-
fore fuel value per unit milk, decreases ·with increasing milk produr,-
tion; (2) our assuming a uniform fuel value (1.5 Cal./gm) for 
weight gains in suckling litters whereas physiologists know that the 
solids percentage, and therefore fuel value per unit weight gain, in-
creases with increasing age. These two assumptions must result in 
apparently higher milk-production and efficiency levels as obtained 
by method A than by method B when milk production is maximum 
(that is, when the fuel value per g'ram of milk is relatively lower), and 
lower apparent efficiency value when milk-production is at lower 
levels. This fact is illustrated in Figs. C and D. 
Fig. C shows that in the early stages of lactation (low milk-produc-
tion in rats), method A gives lower milk and efficiency levels than 
method B ; the reverse is true in later stages of lactation. 
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Fig. D.-The relation between milk production computed by the A 
and B methods on the A animals. The broken curves show how the 
data would be distributed if both methods gave the same results. The 
other two lines represent linear least square fits to the data of A in 
terms of B, and of B in terms of A. When milk production is 100 
Cal./ day by the B method, the A method yields not 100 Cal./day, but 
126 Cal. !equation B = .73A + 12) and 113 Cal. (equation A = 
1.2 B - 6.9). 
Fig. D shows that method A gives much higher milk and efficiency 
levels than B for high-producing rats; the reverse is true for low 
producing rats. E'quations are given for computing A-results in 
term of B, and B-results in term of A. 
Another difference between results obtained by methods A and B 
is that the day-to-day variations in milk production are greater for 
rats A (shown in Table A and Fig. A) than B (shown in Table B 
and Fig. B). These are, of course, due to necessary differences in. 
method of handling the animals and not to differences in methods of 
computation, so these differences are not shown in Figs. C and D. 
Closely related to differences in apparent milk-production levels, 
as obtained by methods A and B, are differences in efficiency levels. 
The apparent (i. e., uncorrected) energetic efficiency varies with body 
weight changes of the mother rat. Gross efficiencies may be apparent-
ly low if the food is used for gaining weight in mother, or absurdly 
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high (over 100%) if the mother loses in body weight. This situation 
is shown by the violent fluctuation in efficiency computed by the A 
method reflecting corresponding fluctuations in the body weights of 
the mothers, as compared to the uneventful efficiency levels obtained 
by the B method reflecting a steady body weight of the mothers. In 
interpreting the efficiency values in Tables A and B and Figs. A and 
B it is therefore necessary to take careful account of the mother's 
body weight chang·es from day to day. Very high efficiencies of milk 
production usually reflect severe body-weight losses in the mother. 
While the day-to-day results are different as obtained by methods 
A and B, the average milk-energy production, and the average ratios 
of milk energy production to basal metabolism (or to (Wt) 0· 73 is the 
same by both methods, A and B, on the two groups of animals A and 
B. 
The following additional notes may be useful in interpreting the 
efficiency results in the tables and :figures. 
Since gross energetic efficiency includes maintenance cost of mother. 
it is obvious that the more milk produced the less the maintenance 
of the mother in comparison to milk produced, and the greater the 
gross efficiency of milk production. 
Since the older the litter the more it weighs, and the more energy 
it needs for maintenance, it follows that ordinarily the older the 
litter (during the 1st 18 days of life) the more milk it must have 
and secures and the greater the efficiency of milk production. 
Likewise, the larger the litter, other conditions being the same, the 
more milk it secures, and the greater the efficiency of milk production. 
The above statements are confirmed by the data in Tables A and B 
and Figs. A and B. 
16 MISSOURI AGRICULTURAL EXPERIMENT STATION 
TABLE .A..-DATA ON MILK PRODUCTION, :F'oon CONSUMPTION AND ENERGETIC 
OF LITTER DURING TIMED SUCKLING INTERVALS) . 
Estimated 
litter losses 
(excreta and 
insensible 
Food Intake of Mother (24-hr. day) Litter A way from Litte'r with perspiration) 
Dry Feed Milk Mother Mother while with 
Lactation TDN Total TDN Total Loss Wt. Gain mother 
Days Gms. Cals. Gms. Cals. Cals. Hours Gms. Hours Gms. Gms. 
LITTER lA 
13 7.8 25.0 30 23 47.5 10 1.14 14 1.39 1.60 
14 5.7 18.2 73 55 73 .0 16% 0.53 8,\ 1.58 .23 
15 3.0 9.6 59 44 53.9 17,\ 0.55 6% 0.83 .22 
17 1.4 4.5 75 56 60.7 17 0.78 7 0.94 .33 
19 5.6 17 .9 72 54 71.9 16 1.78 8 1.49 .89 
21 8.0 25.6 60 45 70.6 16 1.27 8 2.42 .64 
LIT'l'ER 2A 
12 15.4 49 .3 15 11 60.5 10 1.40 14 2.23 1.96 
13 12.4 39.7 60 45 84.7 14 1.36 911/ 12 2.60 .97 
14 11.3 36.2 68 51 87.2 17 % 2.39 6% 3.53 .96 
15 10.0 32.0 38 29 60.5 17 1.40 7 1.50 .58 
16 10.4 33.3 70 53 85.8 17 1.75 7 1.55 .72 
18 12.7 40 .6 49 37 77.4 16 1.84 8 2.40 .92 
19 15.4 49 .3 64 48 97.3 17 2.65 7 2.91 1.09 
21 13.4 42.9 44 33 75 .9 16 2.46 8 .95 1.23 
Ll'l'TER 3A 
5 7.9 25.3 60 45 70.3 16 2.74 8 5.42 1.37 
6 12.5 40.0 45 34 73.8 16 3.16 8 9.77 1.58 
7 16.5 52.8 17 13 65.6 16 3.14 8 7.31 1.57 
8 18.2 58.2 35 27 84.5 16 3.16 8 8.98 1.53 
9 16.3 52.2 38 29 80.7 16 3.26 8 9.68 1.63 
10 12.4 39.7 45 34 73 .4 16 4.98 8 10.38 2.49 
11 20.4 65.3 36 27 92.3 16 5.00 8 11.57 2.50 
13 19.3 61.8 48 36 97.8 16 10.34 8 16.41 5.17 
14 18.0 57.6 30 23 80.1 81,{, 5.56 157{, 12.95 10.14 
15 18.4 58.9 55 41 100.1 15'1.i 9.68 8% 14.77 5.47 
16 19.0 60.8 30 23 83.3 16 10.44 8 13.20 5.22 
17 18.7 59.8 61 46 105.6 16 10.96 8 21.33 5.48 
18 17.8 57.0 44 33 90.0 15 11.44 9 17.13 6.86 
20 13.7 43.8 23 17 61.1 10 10.23 5 13.72 5.11 
LITTER 4A 
2 17.0 54.4 75 56 110.7 18 2.52 6 5.61 .84 
3 10.8 34.6 55 41 75.8 18 2.16 6 2.80 .72 
4 19.9 63.7 75 56 119. 9 151/:, 2.87 8 5.37 1.48 
6 7.7 24.6 75 56 80.9 16 3.48 8 7.28 1.74 
8 10.3 33.0 102 77 109.5 16 3.51 8 5.90 1.45 
10 13.1 41.9 75 56 98.2 16 4.69 8 7.95 2.35 
11 19.8 63.4 89 67 130.1 16 4.21 8 13.87 2.11 
12 19.7 63 .0 117 88 150.8 16 4.80 8 14.73 2.40 
13 . 16.4 52.5 30 23 75.0 10 3.77 14 15.39 5.21 
14 17.5 56.0 105 79 134.8 15% 5.86 8r\r 18.00 3.02 
15 19.6 62.7 105 79 141.5 17r\r 6.32 6% 17.73 2.53 
16 19.5 62.4 60 45 107.4 17 6.71 7 17.57 2.76 
17 17.8 57.0 124 93 150.0 17 7.90 7 20.70 3.25 
18 20.9 66.9 80 60 126.9 16 1/., 7.11 711., 18.49 3.23 
19 21.0 67.2 75 56 123.5 16 9.67 8 20.13 4.84 
20 9.4 30.1 90 68 97.6 16 11.84 8 18.37 5.92 
21 19.7 63 .0 119 89 152.3 16 9.52 8 16.03 4.76 
LITTER 5A 
6 21.2 67.8 30 23 90.3 16 1. 3.09 7f, 11.73 1.38 
7 16.0 51.2 52 39 90.2 16 4.01 8 13.65 2.00 
8 17.l 54.7 60 45 99.7 16 5.27 8 13.93 2.63 
9 16.8 53.8 55 41 95.0 16 5.16 8 16.30 2.58 
10 20.3 65.0 51 38 103.2 16 5.28 8 14.11 2.64 
11 27.5 88.0 15 11 99.3 16 5.66 8 16.02 2.83 
12 26.7 85 .4 35 26 111.7 16 5.94 8 18.41 2.97 
13 25.5 81.6 37 28 109.4 16 6.72 8 17.92 3.36 
14 24.0 76.8 62 47 128.3 16 7.39 8 20.26 3.70 
15 28.0 89 .6 35 26 115.9 16 9.48 8 20.05 4.74 
17 27.2 87.0 83 62 149.3 16 10.76 8 24.12 5.38 
18 30.8 98.6 30 23 121.l 8¥., 6.06 15 % 18.32 11.05 
19 29.0 92.8 84 63 155.8 15 ¥.i 14.02 8% 23.67 7.93 
20 34.4 110.1 30 23 132.6 16 13.50 8 23.81 6.71 
21 25.l 80.3 83 62 142.6 16 13.63 8 25 .26 6.81 
*In these corrections it was assumed that gm. change in body weight is equivalent to a change of 
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lEFFICIENCY OF MILK PRODUCTION SECURED BY METHOD A (WEIGHT .GAINS 
Estimated Number L itter Wt. 
Estimated Energetic of at end of Daily Corrected 
Milk Produc- Efficiency Young 24-hour Mother Wt. Gain Daily Weight Daily 
tion pe'r Day of Milk in Period Weight of Litter Gain of Mother Calorie Corrected•· 
Gms. Cals. Production Litter Gms. Gms. Gms. Gms. Cals. Intake Efficiency · 
LITTER lA 
3.00 6.90 14.5 l 10.19 .55 0 0 47.5 14.5 
l.81 4.17 5.7 l ll.04 281 .86 0 0 73.0 5.7 
l.08 2.49 4.6 l ll.55 288 .51 7 14 39.9 7.5 
l .32 3.04 5.0 l 12.00 280 .17 -4 - 8 68.7 4.4 
2.38 5.47 7.6 l 13.52 285 .30 3 6 65.9 8.3 
3.06 7.03 10.0 l 16.64 288 l .14 2 4 66.6 10.6 
LITTER 2A 
4.19 9.63 15.9 2 26.03 .86 0 0 60.5 15.9 
3.57 8.21 9.7 2 27.28 337 l .25 0 0 84.7 9.7 
4.49 10.33 ll.9 2 28.43 336 l.15 -l -2 89.2 11.5 
2.08 4.78 7.9 2 28.53 330 .10 -6 -12 72.5 6.6 
l.97 4.52 5.3 2 28.32 332 - .21 2 4 81.8 5.5 
3.32 7.64 9.9 2 30.70 341 2.38 9 18 59.4 12.8: 
4.00 9.19 9.4 2 30.95 342 .26 l 2 93.3 9.9 
2.18 5.02 6.6 2 31.58 339 - 1.51 ~l -2 79.9 6.3 
LITTER 3A 
6.79 15.61 22 .2 4 40.78 269 2.68 0 0 70.3 22.2 
10.35 23.80 32.3 4 47.38 273 6.61 4 8 65.8 36.2 ' 
8.88 20.41 31.l 4 52.23 275 4.85 2 4 61.6 33.l 
10.51 24.18 28.6 4 58.07 271 5.83 -4 - 8 92.5 26.2 • 
ll.31 26.0 l 32.2 4 64.49 269 6.43 -2 - 4 84.7 30.7 
12.87 29.60 40.3 4 69.79 274 5.30 5 10 63.4 46.7 
14.07 32.35 35.l 4 76.36 274 6.57 0 0 92.3 35.l 
21.57 49.62 50.8 4 92.36 276 6.07 l 2 97.8 50.7 
23.09 53.ll 66.3 4 99.73 266 7.37 -10 -20 100.l 53.0 · 
20.24 46.55 46.5 4 104.63 280 4.89 14 28 72.l 64.6 
18.41 42.35 50.8 4 107.38 270 2.76 -10 -20 103.3 41.0 . 
26.81 61.66 58.4 4 117.76 272 10.38 2 4 101.6 60.7 
23.99 55.19 61.4 4 123.45 268 5.69 -4 -8 98.0 56.3 
18.83 43.31 70. l 4 138.75 270 3.49 l 2 60. l 72.0 · 
LITTER 4A 
6.45 14.83 13.4 10 56.99 309 3.09 0 0 110.7 13.4 
3.52 8.ll 10.7 10 57.63 298 .65 - ll -22 97.8 8.3 
6.85 15.76 13.1 10 60.14 305 2.50 7 14 105.9 14.9• 
9.04 20.79 25.7 10-9 65.48 310 5.53 3 6 74.9 27.8 
7.35 16.91 15.4 9-8 72.22 321 - .91 6 12 97.5 17.3 • 
10.30 23.69 24.1 6 68.07 306 8.55 - 8 -16 114.2 20.8 
15.98 36.74 28.2 5 70.80 313 - 6.42 7 14 116.1 31.6 
17.13 39.41 26.l 5 80.75 306 2.28 -7 -14 164.8 23.9· 
20.59 47.36 63.2 5 92.42 2.73 - 2 - 4 84.0 56.4 
21.02 48.36 35.9 5 104.46 302 12.04 -2 -4 138.8 34.9 
20.25 46.58 32.9 5 115.87 300 ll.41 -2 -4 145.5 32.0 
20.33 46.76 43.5 5 126.72 295 10.86 -5 -10 117.4 39.9 · 
23.95 55.09 36.7 5 139.53 305 12.80 10 20 130.0 42.4 
21.72 49.95 39.4 5 150.90 307 11.38 2 4 122.9 40.7 
24.97 57.42 46.5 5 161.37 301 10.47 -6 -12 135.5 42.4 
24.29 55.87 57.3 5 167.90 289 n.5~ -12 -24 121.6 46.0 · 
20.79 47.81 31.4 5 174.41 285 6.51 - 4 -8 160.3 29.8 
LITTER 5A 
13.ll 30.15 33.4 6 70.02 280 8.64 0 0 90.3 33.4 
15.65 36.00 39.9 6 79.66 282 9.64 2 4 86.2 41.8 
16.56 38.09 38.2 6 88.22 277 8.56 -5 -10 109.7 34.7 
18.88 43.42 45.7 6 99.35 277 ll.14 0 0 95 .0 45.7 
16.75 38.53 37.3 6 108.29 276 8.94 -1 -2 105.2 36.6 
18.85 43.36 43.7 6 118.65 277 10.36 1 2 97.3 44.6 ' 
21.38 49.17 44.0 6 130.23 276 11.57 -1 -2 113.7 43.3 
21.28 48.94 44.8 6 141.42 278 11.20 2 4 105.4 46.4 
23.96 55.ll 44.7 6 158.70 280 12.28 2 4 119.3 46.2 • 
24.79 57.03 48.4 6 164.27 284 10.57 4 8 107.9 52.R 
29.50 67.85 45.5 6 188.02 288 13.26 2 4 145.3 46.7 
29.37 57.54 47.5 6 200.28 270 12.26 -18 -36 157.1 36.6 
31.60 72.67 46.6 6 209.94 277 9.67 7 14 141.8 51.3• 
~0.52 70.19 52.9 6 220.21; 270 9.31 -7 -14 146.6 47.9· 
32.07 73.76 51.? & 231.88 276 11.63 6 12 130.6 56.5 ". 
2 Cal. in mother's storeQ- energy. 
.. 
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TABLE A (Cont'd) .-DATA ON MILK PRODUCTION, FOOD CONSUMPTION 
GAINS OF LITTER DURING TIMED SUCKLING INTERVALS). 
Estimated 
litter losses 
(excreta and 
insensible 
Food Intake of Mother (24-hr. day) Litter Away from Litter with perspiration) 
Dry Feed Milk Mother Mother while with 
Lactation TDN Total TDN Total Loss Wt. Gain mother 
Days Gms. Ca ls. Gms. Ca ls. Cals. Hours Gms. Hours Gms. Gms. 
LITTER 6A 
2 19.4 61.1 54 41 101.6 18 2.77 6 6.80 .92 
3 23.0 73.6 55 41 114.9 18 3.27 6 6.69 1.09 
4 19.4 61.1 51 38 99.3 18 3.61 6 7.64 1.20 
5 18.7 59.8 55 41 101.1 151/:i 4.10 8 9.74 2.12 
6 16.6 53.1 45 34 86.9 16 4.17 8 13.76 2.38 
7 16.8 53.8 56 42 95.8 16 6.12 8 14.74 3.06 
9 20.9 66.9 72 54 120.9 16 5.64 8 15.43 2.82 
10 26.2 83.8 30 23 106.3 16 5.82 8 17.93 2.91 
11 22.8 73 .0 60 45 118.0 16 5.54 8 16.12 2.77 
12 24.4 78.1 81 61 138.8 16 7.61 8 24.50 3.80 
13 29.9 95.7 76 57 152.7 16 9.11 8 22.38 4.55 
14 24.4 78.1 26 20 97.6 10 6.89 14 23.97 9.64 
15 24.9 79.7 66 50 129.2 15% 11.59 Sn 25.33 5.98 
16 25.2 80.6 83 62 142.9 l 7n 13.26 6% 25.66 5.30 
17 30.3 97.0 60 45 142.0 17 12.16 7 25.73 5.01 
18 28.8 92.2 87 65 157.4 17 14.63 7 26.88 5.99 
19 26.8 85.8 80 60 145.8 16,\, 17.10 7 -r"i~ 30.77 6. 7-3 
20 26.4 84.5 64 48 132.5 16 22.58 8 32.50 11.28 
21 24.3 77.8 71 53 131.0 16 23.00 8 33.07 11.50 
LITTER 7A 
9 22.8 73.0 23 17 90.2 16,\, 5.02 7P:s 16.46 2.25 
·10 22.8 73.0 67 50 123.2 16 6.35 8 20.19 3.17 
11 24.6 78.7 66 50 128.2 16 9.27 8 21.90 4.63 
1 2 26.0 83.2 80 60 143.2 16 8.59 8 24.71 4.30 
13 23 .4 74.9 80 60 134.9 16 8.95 8 20.70 4.48 
14 30.8 98.6 55 41 139.8 16 9.82 8 25.18 4.91 
15 31.4 100.5 75 56 156.7 16 11.22 8 26.55 5.61 
16 30.4 97.3 80 60 157.3 16 11.33 8 23.74 5.66 
17 22.8 73.0 102 77 149.5 16 19.88 8 36.48 9.94 
18 31.8 101.8 60 45 146.8 16 20.73 8 32.70 10.37 
20 32.2 103.0 90 68 170.5 16 17.85 8 29.85 8.93 
·21 13.8 44.2 30 23 66.7 81/:, 12.19 151/z 13.73 22.23 
LITTER BA 
1 9.l' 29.l' 301 231 51.61 121/:i 1.87 411z 4.7 9 .68 
2 11.4 36.5 60 45 81.5 17%. 3.71 6'!.. 9.64 1.31 
5 21.l 67.5 72 54 121.5 18 4.11 6 14.05 1.38 
•6 18.7 59.8 74 56 115.3 18 5.36 6 16.03 1.79 
7 22.5 72.0 65 55 126.8 18 6.59 6 16.48 2.20 
8 20.4 65 .3 75 56 121.5 151h 7.28 8 23.67 3.76 
9 21.9 70.1 58 54 123.6 16 6.45 8 19.81 3.23 
10 19.9 63.7 85 64 127.4 16 7.21 8 21.91 3.60 
12 17.0 54.4 93 70 124.2 16 8.35 8 23.30 4.17 
'13 25.8 82.6 45 34 116.3 16 9.46 8 21.24 4.73 
'14 27.0 86.4 75 56 142.7 16 16.37 8 25.86 8.18 
·15 28.9 92.5 85 64 156.2 16 13.21 8 32.74 6.61 
16 25.3 81.0 112 84 165.0 16 15.91 8 28.68 7.96 
17 25.0 80 .0 30 23 102.5 10 11.24 14 29.34° 17.32 
18 27.3 87.4 120 90 177.4 15% 24.86 8-h 38.73 12.69 
19 28.7 91.8 117 87 179.1 17,i,. 23.46 6% 38.80 9.39 
20 26.6 85.1 60 45 130.1 17 24.53 7 33.55 10.10 
.21 24.1 77.1 99 71 148.4 17 21.92 7 29.51 9.02 
LITTER 9A 
·2 14.1 45.1 86 65 109.6 16 4.36 8 9.67 2.18 
·3 16.0 51.2 74 56 106.7 16 3.88 8 12.33 1.94 
·s 16.9 54.1 85 64 117.8 16 4.99 8 15.33 2.50 
6 23.2 74.2 30 23 96.7 16 5.12 8 16.54 2.56 
8 19.6 62.7 81 61 123.5 16 7.11 8 18.61 3.51 
9 21.5 68.8 110 83 151.3 16 7.72 8 n.64 3.86 
·10 24.6 78.4 29 22 100.2 10 5.96 14 28 .03 8.35 
11 20.l 64.3 120 90 154.3 15% 9.80 8.,i,, 25.27 5.07 
'12 25.5 81.6 90 68 149.1 17,i,. 10.39 6% 25.39 4.15 
13 31.9 102.1 60 45 147.l 17 11.38 7 27.38 4.68 
'14 26.8 85.8 100 75 160.8 17 12.32 7 28.93 5.07 
15 3~.6 107.5 80 60 167.5 16,\, 13.08 7-i', 28.74 5.94 
16 S0.5 97.6 75 56 153.9 16 15.51 8 29.27 7.76 
17 35.4 118.3 90 68 180.8 16 16.85 8 31.60 8.42 
18 M.2 96.6 103 77 173.9 16 16.07 8 30.12 8.04 
J9 ~6.6 117.1 108 77 194.4 16 18.41 8 28.82 9.21 
20 30.2 96.6 75 56 152.9 16 20.64 8 ~2.79 10.U 
%1 38.0 121.6 75 56 177.9 16 20.45 8 32.35 10.23 
'*In these corrections it was 3.ssumed that 1 gm. chani'e in body weight is equivalent to a chance of 
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-'ENERGETIC EFFICIENCY OF MILK PRODUCTION SECURED BY lVIETHOD A (WEIGHT 
Estimated Number Litter Wt. 
Estimated Energ etic of at end of Daily Corrected 
Milk Produc- Efficiency Young 24-hour Mother Wt. Gain Daily Weight Daily 
tion pe'r Day of Milk in Period W eight of L itter Gain of Mother Calorie Corrected* 
Gms. Ca!s. Production Litter Gms. Gms. Gms. Gms. Cals. Intake Efficiency 
LITTER 6A 
7.72 17.76 17.5 8 65.23 278 4.03 0 0 101.6 17.5 
7.78 17.89 15.6 8 70.65 281 5.41 3 6 108.9 16.4 
8.84 20 .32 20.5 8 73.18 283 2.53 2 4 95 .3 21.3 
11.86 27.28 27 .0 8 78.92 283 5.84 0 0 101.1 27.0 
16.15 37.13 42.8 7 81.33 280 2.41 - 3 - 6 92.9 39.9 
17.80 40.95 42.8 7 89.96 287 8.62 7 14 81.8 50.0 
18.25 41.97 34.7 7 110.29 288 9.77 0 0 120.9 34.7 
20.84 46.94 44.1 7 122.41 291 12.11 3 6 100.3 46.8 
18.89 43.45 36.8 7 131.89 290 9.48 -1 - 2 120.0 36.2 
28.31 65.10 46.9 7 148.78 291 16.88 1 2 136.8 47.6 
26.94 61.96 40.6 7 161.96 290 13.16 - 1 -2 154.7 40.1 
33.61 77 .30 79.2 7 179.04 17.09 - 3 -6 103.6 74.6 
31.31 72. 01 55.7 7 192.78 284 15.74 - 3 - 6 135.2 53.3 
30.97 71.22 49.8 7 205.19 289 12.41 5 10 132.9 53.6 
30.74 70.70 49.8 7 217.75 286 12.57 - 3 - 6 148.0 47.8 
32.87 75.60 48.0 7 229.47 286 11.72 0 0 157.4 48.0 
37.51 86.27 59.2 7 243 .14 290 13.67 4 8 137.8 43.0 
43.78 100. 70 76.0 7 253.08 281 9.93 -9 - 18 150.5 50.5 
44.57 102.50 78 .2 7 263.14 279 10.06 - 2 - 4 135.0 57 .9 
L IT TER 7A 
18.68 42.97 47.7 8 129.48 323 13.45 0 0 90.2 47.7 
23.36 53 .73 43.6 8 143.32 326 13.84 3 6 117.2 45 .8 
26.53 61.01 47.6 8 155.95 325 12.63 -1 -2 130.2 4 6.9 
29.01 66 .72 46.6 8 172.08 324 16.13 - 1 - 2 145.2 45.9 
25.18 57.91 42.9 8 183.83 321 11.75 - 3 - 6 140.9 41.1 
30.07 69.20 49.5 8 199.35 320 15.52 - 1 - 2 141.8 48.8 
32.16 73 .97 47.2 8 214.67 326 15.33 6 12 144.7 51.1 
29.41 67.64 43.0 8 227.09 310 12.42 -16 - 32 189.3 35.7 
46.42 106.76 71.4 8 243.69 328 16.60 18 38 111.5 95.8 
43.06 99.05 67.4 8 255 .65 321 11.96 - 7 -14 160.8 61.6 
38.78 89.19 52 .3 8 279.81 314 12.00 - 4 - 8 178.5 50.0 
35. 96 82.71 124.0 8 281.36 284 11.56 - 30 - 60 126.7 65.3 
L ITT E R SA 
5.461 11.571 24.1 7 47.32 258 2.611 0 0 51.6 24.2 
10.95 25.18 30.9 10 66.67 259 9.35 1 2 79.5 31.7 
15.43 35.50 29 .2 9 91.28 265 9.91 2 4 117.5 30.2 
17'.82 40.98 35.5 9 101.96 272 10.67 7 14 101.3 40.5 
18.68 42.96 33.4 9 111.89 267 9.93 - 5 - 10 136.8 31.4 
27.43 63.08 51.9 9 128 .28 264 16.39 - 3 - 6 127.5 49.5 
23.04 52.98 42.9 9 141.63 264 13.36 0 0 123 .6 42.9 
25.51 58 .68 46.1 9 156.33 273 14.70 9 18 109.4 53.7 
27.47 63.19 50.9 9 186.39 281 15.00 4 8 116.2 54.4 
25.97 59.72 51.4 9 198.16 270 11.77 -11 - 22 138.3 43.2 
34.05 78.31 54.9 9 207 .66 264 9.49 - 6 - 12 154.7 50.6 
39.34 90.48 57.9 9 227 .18 272 9.54 8 16 140.2 64.6 
36.64 84.27 51.1 9 239.95 267 12.77 - 5 -10 175.0 48.2 
46.66 107.31 104.7 9 257.85 17.90 - 3 -6 108.5 98.9 
51.42 . 118.28 66.7 9 271.73 261 13.88 - 3 - 6 183.4 64.5 
48.19 110.83 61.9 9 286.97 261 15.24 0 0 179.1 61.9 
43.65 100.39 77.1 9 295.98 247 9.02 -14 - 28 158.l 63.5 
38.53 88 .63 59.7 9 303.58 258 7.59 11 22 126.4 70.1 
L ITTER 9A 
11.85 27 .25 24.9 10 67.46 287 5.31 0 0 109.6 24.9 
14.27 32.83 30.8 10 75 .91 285 8.46 - 2 - 4 110.7 29.6 
17.83 41.01 84 .8 10 99.03 292 10.34 4 8 109.8 37.3 
19.10 43.92 45.4 10 110.44 11.42 - 1 - 2 98.7 44.5 
21.11 48.56 39.3 10-9 129.36 288 3.29 -1 - 2 125.5 38.7 
25.50 58.66 38.8 9 143.18 292 13.83 4 8 143.3 41.0 
36.38 83.68 83.6 9 162 .25 9.07 -2 - 4 104.2 80 .3 
30.33 69.75 45.2 9 178.72 291 16.47 - 1 - 2 156.3 44.7 
29.55 67.96 45.6 9 193.73 289 15.01 - 2 - 4 153.1 44.4 
32.06 73.75 50.1 9 208 .74 286 15.0l - 3 - 6 153.1 48 .1 
34.01 78.21 48.7 9 225.35 294 16.61 8 16 144.8 54.0 
34.68 79 .77 47.6 9 ·241.01 294 15.67 0 0 167.5 47.6 
37.02 85.15 55.4 9 2!'id .77 289 13.76 - 5 -10 163.9 52.0 
40.02 92.05 50 .9 9 269.58 299 14.81 10 20 160.8 57.3 
38.16 87.76 50.5 9 283.57 279 14.00 - 20 -40 213.9 41.0 
38.05 87.51 45.0 9 293.98 281 10.41 2 4 190.4 4 6.0 
43 .11 99.15 64.9 9 R06.12 285 12.15 ( 8 144.9 68.lt 
42.5! 97.93 55.1 9 318.02 278 11.90 - 7 -14 191.9 51.0 
2 Ca l. in m other's stored energy. 1Period of 16 hrs. , 65 min. 
!>!> 
0 
TABLE B .-DATA ON MILK PRODUCTION, FOOD CONSUMPTION AND ENERGETIC EFFICIENCY OF MILi: PRODUCTION SECURED BY 
METHOD B (HEAT PRODUCED BY AND ENERGY STORED IN LITTER). ~ Daily Output Ui Stored Energy Mainte'nance Estimated Milk •' U1 Body gain of Litter Energy Me- Production 0 Food intake of Mother q tabolism Efficiency Litter Body Wt. :1:1 Lactation Dry Fe _d Milk Total of Litte r (Output Weight of Mother H Days gms. Cals. gms. Ca ls. Calories gms. Cals. Cals. Ca ls . gms. to Input) gms. gms. p:.. 
LITTER 1B a:i 
(7 in litte r until 7th day- two accidentally killed leaving 5) ~ 1 15.l 48.3 22.5 15.8 64.1 35.1 280 0 q 2 19.5 62.4 14 .0 9.8 72.2 3.1 4.7 11.9 16.6 7.22 23.0 38.2 285 t' 8 17.9 57.3 20 .0 14.0 71.3 2.5 3.8 15.0 18.8 8.17 26.4 40.7 284 t-3 4 20.9 66.9 20.0 14.0 80.9 4.4 6.6 18.5 25.1 10.91 31.0 45.l 284 q 5 16.1 51.5 15.0 10.5 62.0 4.0 6.0 21.6 27.6 12.00 44.5 49. l 282 :1:1 6 18.1 57.9 35.0 24.5 82.4 3.6 5.4 20.5 25.9 11.26 31.4 52.7 281 > 7 21.l 67.5 32.0 22.4 89.9 3.5* 5.3 16.2 21.5 9.35 23.9 41.8* 280 t' 8 21.0 67.2 27.5 19.2 86.4 3.9 5.9 17.9 23.8 10.35 27.5 45.7 285 ti:1 9 21.0 67.2 29.5 20.6 87.8 4.7 7.1 22 .6 29.7 12.91 33.8 50.4 285 ~ 10 23.0 73.6 30.0 21.0 94.6 3.9 5.9 23.5 29.4 12.78 31.1 54.3 285 '"d 11 18.8 60.2 33.5 23.4 83.6 6.6 9.9 23.6 33.5 14.57 40.1 60.9 286 t>i 12 24 .2 77.4 35.0 24.5 101.9 6.8 10.2 22.9 33.1 14.39 32.5 67.7 286 :1:1 H 13 23.7 75 .8 35.0 24.5 100.3 7.4 11.1 21.6 32.7 14.22 32.6 75 .. 1 287 :s: 14 22.2 71.0 45.0 31.5 102.5 5.9 8.9 19.4 28.3 12.30 27.6 81.0 286 t>i 15 23.5 75 .2 34.5 24.2 99.4 6.7 10.1 22.1 32.2 14.00 32.4 87.7 288 z 16 23.6 75 .5 34.0 23.8 99 .3 8.9 13.4 24.8 38.2 16.61 38.5 96.6 287 t-3 17 21.8 69.8 34.5 24.2 94 .0 8.6 12.9 27.1 40 .0 17.39 42.6 105.2 284 w 18 28.8 92.2 40.0 28.0 120.2 10.3 15.5 29.4 44.9 19.52 37.4 115.5 284 t-3 LITTER 2B > (8 in litter) t-3 
H 1 16.0 51.2 40.0 28.0 79.2 .. 40.6 301 0 2 14.8 47 .4 45.0 31.5 78.9 5.1 7.7 16.4 24.1 10.48 30.5 45.7 309 z 3 16.1 51.5 45.0 31.5 83.0 5.5 8.2 21.0 29 .2 12.70 35.2 51.2 315 4 19.2 61.4 45.0 31.5 92.9 7.6 11.4 21.4 32.8 14.26 35.3 58.8 314 5 19.6 62.7 40.0 28.0 90.7 10.3 15.4 26.6 42.0 18.26 46.3 69.l 312 6 19.8 63.4 50.0 35.0 98.4 12.6 18.9 26 .0 44.9 19.52 45.6 81.7 313 7 25.4 81.3 55.0 38.5 119.8 14.9 22.4 26.8 49.2 21.39 41.1 96 .6 310 8 31.5 100.8 50.0 35.0 135.8 14.5 21.8 26.4 48.2 20.96 35.5 111.1 315 9 22.2 71.0 60.0 42.0 113.0 14.7 22.0 33.8 55.8 24 .26 49.4 125.8 315 10 35.3 113.0 Gi.O 44.R 157.8 17.0 25.5 36.7 62.2 27.04 39.4 142.8 315 11 26.6 85.1 63.5 44.4 129.5 17.4 26.l 35.8 61.9 26.91 47.8 160.2 316 12 25.0 80.0 6n.O 45.5 125.5 15.9 23.8 34.7 58.5 25.43 46.6 176.1 314 13 25.0 80.0 75.0 52.5 i~2.5 17.3 26.0 40.0 66.0 28.70 49.8 193.4 311 14 20.7 66.2 79 .5 55.6 121.8 13.5 20.2 42.7 62.9 27.35 51.6 206.9 309 15 25.6 81.9 85 .0 69.5 141.4 12.8 19.2 45.6 64.7 28.13 45.8 219 .7 309 16 29.1 93 .1 89,fj 62.6 15!;.7 16.3 24.4 53.2 77.6 33.74 49.8 236.0 308 17 22.3 71.4 89.5 62 .6 134.0 14.2 21.3 66.5 77.8 33.83 68.1 260.2 307 18 27.1 86 .7 94.5 66.1 15,~. 8 13.7 i~ 20.6 ..(\8.3 78.9 . 34.30 ·~51.6 263.9 ,, 312 - ~ I!_-) ~-::t .~" ..  •f< 
' 
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LITTER 3B 
{1, .. - ~ 
(9 in litter) 
1 11.6 37.l 30.0 21.0 58.1 .·. .. 51.0 292 
2 15.5 49.6 35.0 24 .5 74.l 4.1 6.2 21.2 27.4 11.91 37.0 55.1 290 
3 18.3 58.6 40.0 28.0 86.6 7.3 11.0 22.2 33.2 14.43 38.3 62.4 297 
4 21.6 69.1 40.0 28.0 97 .1 9.4 14.1 25 .1 39.2 17.04 40.4 71.8 298 
5 25.3 81.0 40.0 28.0 109.0 11.2 16.8 26.0 42.8 18.61 39.3 83 .0 304 
6 27.1 86.7 50 .0 36.0 121.7 13.3 20.0 31.1 61.l 22.22 42.0 96.3 307 
7 28.0 89.6 56.0 38.5 128.1 12.3 18.4 33.6 51.9 22.57 40 .5 108.6 311 
8 22.5 72.0 59.0 41.3 113.3 18.0 27.0 34.3 61.3 26.65 54. 1 126.6 309 
9 30.0 96.0 60.0 42 .0 138.0 13.1 19.6 33.6 53.2 23.13 38.6 139.7 309 
10 28.4 90.9 75.0 52.5 143.4 17.7 26.6 32.3 58.9 25 .61 41.l · 157.4 310 
11 18.2 58.2 78.5 55.0 113.2 16.9 25.4 33.4 58.8 25 .57 51.9 174.3 308 
12 29.l 93.1 79.0 55.3 148.4 15.9 23.8 34.1 57.9 25 .17 39.0 190.2 309 
13 32.1 102.7 80.0 56.0 158.7 16.4 24.6 88.4 63 .0 27.39 39.7 206.6 310 
14 21.3 68.2 80.0 56.0 124.2 14.9 22.4 44.8 67.2 29.22 54 .1 221.5 311 
15 29.2 93.4 84 .0 58.8 152.2 17.0 25.5 47 .5 73.0 31.74 48.0 238.6 310 
16 28.2 90.2 78.0 54.6 144.8 12.1 18.2 49.4 67.6 29.39 46.7 260.6 307 
17 37.3 119.4 80.0 56.0 175.4 18.1 27.1 68.2 86.3 37.09 48.6 268.7 304 
18 30.3 97.0 90.0 63.0 160.6 13.9 20.tl 57.6 78.4 34.09 49.0 282.6 301 
LITTER 4B 
(10 in litter) !;rj 1 17.6 56.3 24.0 16.8 73 .1 60 .0 278 l"1 
2 18.6 59.5 28.5 20.0 79.5 7.3 10.9 29.6 40.5 . 17.61 50.9 67.3 280 Ul 
3 25.0 80.0 28.5 20.0 100.0 7.2 10.8 26.9 37.7 16.39 37.7 74.5 281 l"1 
4 23.1 73.9 30.0 21.0 94.9 9.2 13.8 32.3 46.1 20.04 48.6 83.7 282 ii> ~ 5 29.1 93.1 33.5 23.4 116.5 12.0 18.0 38.2 56.2 24.43 48.2 95.7 283 a 
6 26.7 86 .4 45.0 31.5 116.9 12.4 18.6 39.1 57 .7 25.09 49.4 108.1 285 ~ 
7 31.7 101.4 45.0 31.5 132.9 14.4 21.6 36.0 57.6 25.04 43.3 122.5 287 
8 29.8 95.4 60.0 42.0 137.4 15.4 23.1 84.3 57.4 24.96 41.8 137.9 290 to 
9 23.1 73.9 60.5 42.4 116 .3 18.0 27.0 33.1 60. l 26 .13 51.7 155.9 292 q 
10 29.5 94.4 65 .0 45.5 139.9 12.9 19.4 34.0 53.4 23 .22 38.2 168.8 289 t1 
11 31.1 99.5 66.5 46.6 146.1 14.0 21.0 37 .2 58.2 25.30 39.8 182.8 290 t< i:'J 12 31.2 99 .8 55 .0 38.5 138.3 17.8 26.7 42.l 68.8 29.91 49.7 200.6 290 >'l 
13 28.8 92.2 63.5 44.4 136.6 13.2 19.8 43.9 63.7 27.70 46.6 213.8 291 ..... 
14 31.4 100.5 65.0 45.5 146.0 14 .2 21.3 46 .7 68.0 29.67 46 .6 228.0 291 z 
15 40.9 130.9 70.0 49 .0 179.9 14.0 21.0 54.2 75 .2 32.70 41.8 242.0 290 Ni 
16 29.1 93.1 73.5 61.4 144.6 13.4 20.1 67.4 77 .5 33.70 63.6' 256.4 290 00 
17 38.1 121.9 79.6 55.6 177.5 16.8 26.2 67.2 82.4 36.83 46.4 272.2 291 Ql 
18 41.6 133.1 80.0 56.0 189.1 11.2 16.8 69.3 76.1 33. 09 40.2 283.4 293 
!'.:> 
TABLE B (Cont'd).-DATA ON MILK PRODUCTION, FOOD CONSUMPTION AND ENERGETIC EFFICIENCY OF 
SECURED BY METHOD B (HEAT PRODUCED BY AND ENERGY STORED IN LITTER). 
Daily Output 
Stored Energy Maintenance Estimated Milk 
Food intake of Mother Body gain of Litter Energy Me- Production tabolism Efficiency Lactation Dry Feed Milk Total of Litter (Output Days gms. Ca ls. gms. Cals. Calories gms. Cals. Cals. Cals. gms. to Input) 
LITTER 5B (10 in litter) 
1 18.4 58.9 45 .0 31.5 90.4 
2 13.2 42.2 46 .0 31.5 73 .7 4.2 6.3 19.2 25.5 11.09 34.6 3 15.5 49.6 40.0 28.0 77.6 7.0 10.5 24 .0 34.5 16.00 44.5 4 21.3 68.2 48.0 33.6 101.8 8.3 12.4 26.6 39.0 16.96 38.3 6 20.8 66.6 41.6 29.0 95.6 10.0 15.0 29.3 44.3 19.26 46.3 6 26.0 83.2 38.6 27.0 110.2 11.8 17.7 31.7 49.4 21.48 44.8 7 23.6 76.6 50.0 36.0 110.5 12.1 18.2 34.8 63.0 23.04 48.0 8 31.3 100.2 65.0 38.5 138.7 12.8 19.2 37.7 56.9 24.74 41.0 9 26.4 84.5 60.0 42.0 126.5 16.4 24.6 34.6 59.2 26.74 46.8 10 32.5 104.0 66.0 46.6 149.5 16.4 24.6 33.5 68.1 25.26 38.9 11 29.4 94.1 76.0 62.5 146.6 19.9 29.8 35.3 65 .1 28.30 44.4 12 22.7 72.6 77.0 53.9 126.5 21.7 32.6 36.4 69.0 30.00 54.5 13 27.2 87.0 80.0 66.0 143.0 11.0 16.5 38.6 56.l 23.96 3.8.5 14 32.6 104.3 80.0 56.0 160.3 17.2 25.8 42.8 68.6 29.83 42.8 16 27.4 87.7 85.0 69.5 147.2 18.9 28.4 49.2 77.6 33.74 62.7 16 32.0 102.4 95.0 66.5 168.9 18.0 27.0 50.9 77.9 33.87 46.l 17 28.1 89.9 95.0 66.6 156.4 13.7 20.6 57.7 78.3 34.04 50.1 18 42.4 135.7 100.0 70.0 205.7 20.6 30.9 66.1 91.0 42.17 47.2 
MILK PRODUCTION 
Litter Body Wt. 
Weight of Mother 
gms. gms. 
48.8 236 
53.0 242 
60.0 244 
68.3 261 
78.3 261 
90.1 261 
102.2 259 
115.0 259 
131.4 260 
147.8 262 
167.7 264 
189.4 263 
200.4 261 
217.6 265 
236.5 267 
254.5 263 
268.2 264 
288.8 267 
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TABLE 0.-A COMPARISON OF MILK PRODUCTION OF THE SAME LITTERS AS DETERMINED BY METHOD A (WEIGHT-GAINS OF 
LITTER DURING SUCKLING), AND BY METHOD B (SUM OF HEAT PRODUCTION BY AND ENERGY STORED IN LITTER). 
Comparison of milk production and gross energetic 
efficiency of the same litters by methods A and B. Remaining data secured by Method B 
Method A Method B 
Efficiency% Daily Output 
Not cor- Corrected Stored Energy Maintenance 
Milk rected for for Body Gain of Litter Energy l\l.e-
Lac ta- Pro- body Wt. body Wt. Milk Food Intak e of Mother tabolism of 
ti on duction changes changes Production Efficiency Dry F e'ed Milk Total Litter Wt. Litter 
Days Cal./Day in mother in mother Cal./Day % Gms. Cals . Gms. Ca ls. Cals. Gms. Gms. Ca ls. Ca ls . ~ 
t>j 
LITTER SA Ul 
(4 in litter) t>j I>-
5 I5.61 22 22 22.82 32 7.9 25.3 60 45 70.3 40 .78 2.68 4.02 18.8 ~ 
6 23.80 32 36 24.81 34 12.5 40.0 45 34 73.8 47.38 6.61 9.91 14.9 (') 
7 20.41 31 33 28.68 44 16.5 52.8 17 13 65.6 fi2 .23 4.85 7.28 21.4 l:Q 
8 24.18 29 26 31.45 37 18.2 58.2 35 26 84.5 58.07 5.83 8.75 22.7 td 9 26.01 32 31 35.34 44 16.3 52.2 38 29 80.7 64.49 6.43 9.64 25.7 
10 29.60 40 47 32.64 44 12.4 39.7 45 34 73.4 69.79 5.30 7.94 24.7 q 
11 32.35 35 35 84.66 38 20.4 65 .8 36 27 92.3 76.36 6.57 9.86 24.8 t' t' 
13 49.62 51 51 33.71 34 19.3 61.8 48 36 97.8 92.36 6,07 9.11 24.6 t>j 
14 53.11 66 53 89.06 49 18.0 57.6 30 23 80.1 99.73 7.37 11.06 28 .0 t-3 
15 46.55 47 66 86.34 36 18.4 68.9 65 41 100.1 104.63 4.89 7.34 28 .0 .... 
16 42.35 51 41 32.54 39 19.0 60.8 30 23 83.3 107.38 2.76 4.14 28.4 z 
17 61.66 58 61 48.06 46 18.7 59.8 61 46 105.6 117.76 10.38 15.56 32.5 t-:l 00 
LIT'l'ER 4A c.n 
(5 in litter) 
14 48.36 36 35 44.06 33 17.5 56.0 105 79 134.8 104.46 12.04 18.06 26.0 
16 46.58 33 32 45.31 32 19.6 62.7 105 79 141.5 115.87 11.41 17.11 28.2 
16 46.76 44 40 52.79 49 19.5 62.4 60 45 107.4 126.72 10.86 16.29 86.5 
17 55.09 37 42 52.10 35 17.8 57.0 124 93 150.0 139.53 12.80 19.20 82.9 
18 49.95 39 41 49 .86 39 20.9 66 .9 80 60 126.9 150.90 11.37 17.06 82.8 
19 57.42 47 42 59.50 48 21.0 67.2 75 56 123.5 161.37 10.47 15.70 33.8 
20 55.87 57 46 47.50 49 9.4 30.1 90 68 97 .6 167.90 6.53 9.80 37.7 
21 47.81 31 30 47.97 32 19.7 63.0 119 89 152.3 174.41 6.51 9.77 38.2 
t-:l 
<:..; 
TABLE c (Cont'd).-A COMPARISON OF MILK PRODUCTION OF THE SAME LITTERS AS DETERMINED BY METHOD A (WEIGHT-
GAINS OF LITTER DURING SUCKLING), AND BY METHOD B (SUM OF HEAT PRODUCTION BY AND ENERGY STORED IN LITTER). 
Comparison of milk production and gross energetic 
efficiency of the same litters by methods A and B. Remaining data secured by Method B Method A Method B 
Efficiency % Daily Output 
Not cor- Corrected Stored Energy Maintenance Milk rected for for Body Gain of Litter Energy :Me-Lacta- Pro- body Wt. body Wt. Milk Food Intake of Mother tabolism of tion duction changes changes Production Efficiency Dry Fe.ed Milk Total Litter Wt. Litter Days Cal./Day in mother in mother Cal./Day % Gms. Cals. Gms. Cals . Cals. Gms. Gms. Cals. Cals. 
_ 1 , LITTER 5A ~ _ ;::!\ (6 in litter) 
6 30.15 33 33 39.36 44 21.2 67.8 30 23 90.3 70.02 8.64 12.96 26.4 7 36.00 40 42 40.66 45 16.0 61.2 62 39 90.2 79.66 9.64 14.46 26.2 8 38.09 38 35 41.74 41 17.l 54.7 60 45 99.7 88.22 8.56 12.84 28.9 9 43.42 46 46 43.20 45 16.8 63.8 66 41 95.0 99.35 11.14 16.70 26.5 10 38.53 37 37 41.00 40 20.3 65.0 51 38 103.2 108.29 8.94 13.40 27.6 11 43.36 44 45 47.95 48 27.5 88.0 15· 11 99.3 118.66 10.36 15.55 32.4 12 49.17 44 43 49.36 44 26. 7 85.4 35 26 111. 7 130.23 11.57 17.36 32.0 13 48.94 46 46 65.89 60 25.5 81.6 37 28 109.4 141.42 11.20 16.79 49.1 14 65.11 45 46 49.72 40 24.0 76.8 62 47 123.3 163.70 12.28 18.42 31.3 
: ·16 57.03 48 53 52.46 45 28.0 89.6 35 26 115.9 164.27 10.67 16.86 36.6 17 67.85 46 47 58.89 39 27.2 87.0 83 62 149.3 188.02 13.26 19.89 39.0 18 67.54 48 37 69.99 50 30.8 98.6 30 23 121.1 200.28 12.26 18.39 41.6 19 72.67 47 51 60.40 39 29.0 92.8 84 63 156.8 209.94 9.67 14.50 46 .9 20 70.19 63 48 61.26 46 34.4 110.l 30 23 132.6 220.26 9.31 13.96 47.3 21 73.76 52 57 68.65 48 25.1 80.3 83 62 142.6 231.88 11.63 17.45 1!1.2 
LITTER 6A 
(7 in litter) 
15 72.01 56 53 63.80 49 24 .9 79.7 66 50 129.2 192.78 16.74 23.60 40.2 16 71.22 50 54 63.82 45 25 .2 1f0.6 83 62 142 9 205 19 . 12 41 18 R2 45 2 l't 17 ' -9 70.70 50 .t, 48 ·•76.55 5~>, 30.3 97.0 60 "\ 45 i<t<o 217:75 t 12:67 18_'~; 67:7 !or 
..( . _ 18 76.60 48 48 ~1_!..48 43 28.8 L"IT~~ -£.A. 87 · - ~  -- 157_.d. 229. 47 1:r _.72 17.68 49.9 
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) "J< :~ 69 •>1 1.8 i~il~tter) 9 42.97 48 48 63.68 22 .8 
10 53.73 44 46 49.46 40 22.8 73 .0 
11 61.01 48 47 53.75 42 24.6 78.7 
12 66.72 47 46 63.19 44 26 .0 83.2 
13 57.91 43 41 56.82 42 23.4 74.9 
14 69.20 50 49 63.68 46 30.8 98.6 
15 73 .97 47 51 71.99 46 31.4 100.5 
16 67.64 43 36 75.93 48 30.4 97.3 
20 89.19 52 50 75.79 44 32.2 103.0 
21 82.71 124 65 80 .33 121 13.8 44.2 
LITTER SA 
(9 in litter) 
18 118.28 67 65 77.01 43 27.3· 87.4 
19 110.83 62 62 81.96 46 28.7 91.8 
20 100.39 77 64 79.33 61 26.6 85.l 
21 88.63 60 70 74 .99 51 24.1 77.l 
LITTER 9A 
(9 in Jitter) 
11 . 69.75 45 45 59.51 39 20.1 64.3 
12 67.96 46 44 62.31 42 25.5 81.6 
13 73.75 50 48 61.51 42 31.9 102.l 
14 78.21 49 54 71.62 44 26.8 85.8 
15 79 .77 48 48 74.50 44 33.6 107.5 
16 85.15 55 52 65 .63 43 30.5 97.6 
17 92.05 57 57 74.42 41 35.4 113.3 
18 87 .76 50 41 79.48 46 30.2 96 .6 
19 87 .51 45 46 73.42 38 86.6 117.l 
20 99.15 65 69 85.72 56 30.2 96.6 
21 97.93 55 51 87.55 49 38.0 121.6 
~· ·-
___......,, _ ~ ..... ~ 
23 ·..: · 17 si.'2 129.48 
67 60 123.2 143.32 
66 60 128.2 165.95 
80 60 143.2 172.08 
80 60 134.9 183.83 
55 41 139.8 199.35 
75 56 156.7 214.67 
80 60 157.3 227.09 
90 68 170.5 279.81 
30 22 66.7 281.36 
120 90 177.4 271.73 
117 87 179.1 286.97 
60 45 130.1 295.98 
99 71 148.4 303.58 
120 90 154.3 178.72 
90 68 149.1 193. 73 
60 45 147.1 208.74 
100 75 160.8 225 .35 
80 60 167.5 241.01 
75 56 153.9 254.58 
90 68 180.8 269.58 
103 77 173.9 283.57 
103 77 194.4 293 .98 
75 56 lfi2.9 306.12 
75 56 177.9 318.02 
,J, 13.46 20.1c..i 
13.84 20.76 
12.63 18.95 
16.13 24.19 
11.75 17.62 
15.52 23 .28 
15.33 22.99 
12.42 18.63 
12.00 17.99 
11.56 17.33 
13.88 20.81 
15.24 22.86 
9.02 13.53 
7.59 11.39 
16.47 24.71 
15.01 22.51 
15.01 22.51 
16.61 24.92 
15.67 23.50 
13.76 20.63 
14.81 22.22 
13.99 20.98 
10.41 15.62 
12.15 18.22 
11.90 17.85 
33.4 
.J 
28.7 
34.8 
39.0 
39.2 
40.4 
49.0 
57 .3 
57.8 
63.0 
56.2 
59.l 
65.8 
63.6 
34.8 
39.8 
39.0 
46.7 
51.0 
45.0 
52.2 
58.5 
67.8 
67 .5 
69.7 
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i6 MISSOURI AGRICULTURAL EXPERIMENT STATION 
III. COMPARISON OF ABSOLUTE AND RELATIVE AMOUNTS 
AND ENERGETIC EFFICIENCIES OF MILK PRODUC-
TION IN RATS AND DAIRY COWS 
Table D presents a numerical comparison of amounts and energetic 
efficiencies of milk production in rats and cows. 
Table D sh-0ws that the average daily milk production in "good ,,. 
dairy cows is of the order of 12,000 Cal. a day, but a champion large 
cow (1700-pound Holstein Carnation Ormsby) produced 34,000 Cal., 
and a champion small cow (700-pound Jersey Stonehurst Patricias 
Lily) produced 24,000 Cal. a day. The averag·e daily producti-0n in 
rats between the 10th. and 18th. days of the lactation period is shown 
in Table D to be of the order of 6-0 Cal. a day. 
However, absolute milk production values do not mean much in 
the face -Of the differences in body weights of cows and rats. More 
interesting are ratios or relative production values, as listed in Table 
D. 
Table D shows that: (1) the ratio of milk energy to body 
weight ( CKal.) is very much greater in rats than cows, is of the -0rder 
g 
of 200 in rats and 25 in superior dairy cows; (2) the ratio of milk 
energy to basal metabolism energy ( Cal. ) is of the order of 2 for both 
Cal. 
rats and cows; (3) the ratio -0f milk-energy in Cal. to (body 
weight)~~~ is of the order of 150 for both superior cows and rats; 
(Note: When the equation Y = aXn (in which Y is milk production 
in Calories per day, X body weight in Kg) is fitted to all the data, 
cows and rats in Table D, by the method of least squares, weighting 
each average in production to the number of individuals represented. 
the equation came out t-0 be Y = 146 X 0 · 10 ; ( 4) the ratio of milk 
energy to food (TDN) energy (which ratio is energetic efficiency of 
milk production) in rats is within the limits found for cows. 
TABLE D.-COMPARISON OF ABSOLUTE AND RELATIVE AMOUNTS AND ENERGETIC EFFICIENCIES OF MILK-ENERGY PRODUCTION 
IN WHITE RATS AND DAIRY Cows 
Dairy Cows1 White Rats by methods A and B2 
No. of cows, or rat-litters included in 
average ..... ..... . , . ........... .. . 
Body Weight, Kgs. . . .. . ...... .. ... . 
Av. milk production Cal./day3 (In cow, 
14 to 1 yr. !act. period; in rat av. 10 
to 18 days lactation interval) .. ... . 
Gross energetic efficiency milk produc-
tion with respect to TDN consump· 
tion• % .. . ..... . . .... ..... . ... . .. . 
E~timated basal metabolism Cal./day5 •• 
Ratio basa) metabolism Cal. / day to 
body weight Kg ......... ........ . 
Ratio milk Cal. to basal metabolism 
Cal. .......... .. . ... . ....... .. .. . 
Ratio milk Cal. to body weight. Kg . . . 
(WtJ•.1s ............ . .............. . 
Ratio of milk Cal. to (Wt, kg.)0.73 .. . 
1From Missouri Res. Bui. 238, 1936. 
''Ordinary'' 
(Superior) 
All breeds 
368 
513 
llHO 
31 
6~00 
13 
1.7 
22 
95.1 
120 
''Extraordinary" I 4wrat 
Champion Champion litter 
Holstein Jersey A 
1 
771 
34000 
44 
9000 
11.7 
3.8 
44 
128 
266 
1 I 1 
318 .273 
24140 I 45.7 
48 I r.o 
4700 27 
12.3 99 
5.1 1. 7 
63 167 
67.l .387 
360 118 
5-rat 
litter 
A 
1 
.304 
43.8 
36 
32 
105 
1.4 
144 
.419 
105 
B 
1 
.286 
34.7 
35 
28 
98 
1.2 
121 
.401 
87 
2A value's derived by equations C2A) and A; B, by equations C2B) and B explained in text. 
6-rat 7-rat 
litter litter 
-~ -A-
1 
.279 
53.3 
45 
28 
99 
1.9 
191 
.394 
135 
1 
.288 
64.9 
50 
28 
98 
2.3 
225 
.403 
161 
A 
8-rat 
litter 
1 
.322 
72.9 
52 
31 
95 
2.4 
226 
.437 
167 
3A gram rat milk (12% fat) is assumed to have a fuel value of 2.3 Cal.; a gram of cow's milk (4% fat), 0.75 Cal. 
'Not corrected for body weight changes. 
•see Missouri Res. Bui. 220, 1934. 
B 
1 
.311 
67.8 
49 
30 
104 
2.3 
157 
.426 
159 
9-rat 
litter 
A 
2 
.280 
80.0 
56 
28 
96 
2.9 
286 
.395 
203 
B 
1 
.308 
67.8 
46 
30 
104 
2.3 
151 
.424 
160 
10-rat Arithmetic Av. 
litter all Jitters 
-B- A B 
2 
.277 
71.5 
46 
27 
91 
2.6 
166 
.392 
182 
7 
.291 
60.1 
48 
29 
99 
2.1 
207 
.406 
148 
5 
.295 
60.5 
44 
29 
99 
2.1 
149 
.411 
147 
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IV. DISCUSSION AND CONCLUSIONS 
This bulletin presents data on amounts and time relations of milk 
production and food (TDN) consumption of lactating rats, heat 
production and gro>rth rates of their litters, and gross energetic 
efficiency of their milk production. 
Aside from the g·eneral interest of the data-apparently the first 
in the literature on quantitative time relations of milk production in 
rats-our special interest is in comparisons of the relative amounts 
of milk production in rats and cows with respect to: (1) body weight; 
(2) basal metabolism; (3) and more particularly to food (TDN) con-
sumption which comparison is the gross energetic efficiency of milk 
production. 
I.1et us summarize the results in the form of answers to three ques-
tions. 
1. Which prod1wes more milk-energy with respect to boilAJ weight, 
a rat or a cow? Table D shows that the ratio of milk-Cal. produced to 
kg. body weight of the lactating animals is of the order of 200 in rats 
and 25 in very good dairy cows. In brief, the milk production in-
tensity, that is productivity per unit weight, i'l very much higher in 
rats than cows. 
2. Which prodi~ces rnore milk-energy with respect to basal energy 
metabolism and to maintenalfl,ce, a rat or cow ? 
The enormously higher milk-production intensity of rats as com-
pared to cows is associated with an enormously higher metabolic 
intensity (heat production per unit weight) in rats as compared to 
cows with the net results, shown in Table D, that the milk-Calorie 
production with respect to the basal-metabolism-Calorie production 
is the same in rats and cows. 
Table D shows that the ratio of milk Calories produced to basal 
heat Calories produced is of the order of 2 in rats and also in cows. 
Rats like the cows tend to produce about twice as many milk Calories 
as basal-metabolism Calories. The typical rat's basal metabolism is 
of the order of 30 Calories per day, and the milk-energy production 
is of the order of 60 Calories per day. The typical cow's basal metabo-
lism is of the order of 60-00 Calories per day, and the milk energy pro-
duction is of the order of 12,000 Calories per day. There are of course 
tremendous individual variations in rats and cows, as shown in Table 
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D, and these figures are merely generalizations to illustrate the gen-
eral biologic principle that the ratio of milk-energy production to 
basal metabolism is independent of bo.dy weight or even of species, 
provided only that the "inherited impulse for milk production" is 
of the same order in both species. 
Since the basal-energy metabolism of mature animals of different 
species tends to be directly proportional to the 0.73 power of body 
weight and since milk-energy production tends to be directly propor-
tional to basal energy metabolism, the milk energy production should 
also tend to be directly proportional to the 0.73 power of body weight. 
In other words, the ratio of milk-energy production to the 0.73 power 
of body weight should be of the same order in rats and cows, cind 
Table D shows that this is roughly the case. 
We have no reliable data on the energy cost of maintenance of rats 
and cows of different weights. However, in the absence of evidence 
to the contrary, it is reasonable to assume that the ratio of main-
tenance energy to basal-metabolism energy is of the same order in 
the two species, and that consequently the ratio of milk-energy pro-
duction to maintenance energy is of the same order in both species. 
3. Which prod1wes more milk-energy with respect to food (TDN) 
consumption a rat or a cow? In other words, does a rat or cow produce 
milk at greater energetic efficiency? Assuming, as seems reasonable, 
that the energy expense of converting milk precursors into milk is 
the same in rats and cows, the relative energetic efficiencies of milk 
production in the two species must depend on the relation between 
milk-energy production and maintenance cost. Since we concluded in 
the preceding section that the ratio milk-energy production to main-
tenance energy expense is probably the same in the two species, the 
further conclusion follows that the ratio of milk-energy production to 
total food (TDN) consumption-which is gross energetic efficiency of 
milk production-is also the same in rats and cows. 
Table D shows that the average gross energetic efficiency of milk 
production in rats in the :flush of lactation, namely between the 10th. 
to 18th. days of the lactation period, is 48% by method A and 44% by 
method B. Table D shows that the champion Jersey cow produced her 
milk with an estimated energetic efficiency of 48%, and the champion 
Holstein produced it with an estimated energetic efficiency of 44% . 
It thus turns out-no doubt fortuitously-that the A rats produced 
milk at exactly the same average energetic efficiency as the champion 
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Jersey Cow; and the B rats produced milk at exactly the same ef-
ficiency as the champion Holstein cow. 
Thus it appears from Table D that the energetic efficiency of rats 
is within the limits found for cows. Thi,s is the centrally important 
conclusion from our viewpoint. 
The fact that the gross energetic efficiency of milk production in 
rats is the same as in champion, not ord;i,nary, cows, is probably with-
out biologic significance, because of the many assumptions that were 
made in computing the results, such as that the fuel value of rat milk 
is uniformly 2.3 Cal. per gram; that the fuel value of body-weight 
gain in litters is uniformly 1.5 Cal. per gram; that the digestibility of 
given feed stuffs is the same in rat and cow, and so on. 
We therefore conclude that while with respect to body weight the 
milk-energy production in the rat is very much greater than in the 
cow, the basal metabolism and probably maintenance in the rat is 
greater than in the cow by a proportional amount with the net result, 
as shown in Table D, that the energetic efficiency of milk secretion is 
of the same order in both species, rat and cow. 
This conclusion, derived by two different methods, that the gross 
energetic efficiency of milk production tends to be the same in rats 
and cows, substantiates the generalization that other conditions being 
the same, the gross energetic efficiency of milk production tends to be 
independent of size of animal not only within the species (large vs 
small cows) but also in different species (dairy cows vs rats). 
